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Description 

5 Apparatus and method for executing a Viterbi algorithm 

The invention relates to an apparatus and a method for 
executing a Viterbi algorithm. 

10 Such an apparatus and such a method are known from [1] . 

In the method known from [1] and in the apparatus known from 
[1] , a received decoded signal is decoded by means of an 
electrical circuit which is arranged in accordance with a so- 
15 called butterfly structure. This known procedure is used 

exclusively for channel decoding of channel-coded signals. 

Using this apparatus, it is not possible to equalize received 
physical signals by means of the Viterbi algorithm. 

20 

This additional option is, however, desirable in order to 
obtain a simple apparatus which can be used without any 
problems in a wide range of different applications and is 
suitable for executing the Viterbi algorithm not only for 
25 decoding received signals but also for equalizing received 
signals . 
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[2] discloses the determination of a so-called transition 
metric for a Viterbi algorithm in the course of equalization 
of physical signals for so-called soft decision equalization. 
5 Furthermore, [2] discloses the entire Viterbi method, matched 
to the appropriate transition metrics for a so-called 
butterfly structure of a trellis, and the determination of the 
"optimum" signal sequence of the received signals by means of 
so-called back- tracing from the optimum trellis determined. 

10 

One particular disadvantage of the procedure described in [2] 
is that the circuit described there is suitable only for 
equalization of received physical signals. This apparatus 
cannot be used for channel decoding of physical signals. 

15 

The principles of the Viterbi algorithm are described in [3] . 

The invention is thus based on the problem of making it 
possible to use a Viterbi algorithm flexibly for different, 
20 selectable operating modes, for example for equalization and 
for decoding received physical signals. 

The problem is solved by the apparatus and by the method for 
executing the Viterbi algorithm having the features as claimed 
25 in the independent patent claims. 
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An apparatus for executing a Viterbi algorithm has a number of 
initial state registers, in each of which a state metric of an 
initial state of a trellis can be stored. A transition metric 
for the trellis can be stored in at least one transition 
5 register. Furthermore, an adder/subtracter network is 

provided, which is connected to the initial state registers, 
to the transition register and to evaluation units in 
accordance with a butterfly structure of the trellis. The 
signals processed by the adder/subtracter network are 

WO evaluated in evaluation units using the Viterbi algorithm. 

Furthermore, a selection is provided, in which the apparatus 
can be switched to between a first operating mode and a second 
operating mode. In addition, the apparatus has final state 
registers, which are coupled to the evaluation units. A state 

15 metric for a final state of the trellis can be stored in each 
final state register. Different evaluation units can be 
selected using the selection unit, depending on the selected 
operating mode. 

20 In a first step of a method for executing a Viterbi algorithm, 
an operating mode is selected from a first operating mode or 
second operating mode of the apparatus. In this case, the 
first operating mode may be decoding of received physical 
signals, and a second operating mode may be a mode in which 

25 received physical signals are equalized. In a further step, a 
state metric of an initial state of a trellis is in each case 
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stored in an initial state register. Furthermore, at least one 
transition metric of the trellis is stored, depending on the 
selected operating mode. The state metrics and the transition 
metric are linked to one another in accordance with a 
5 butterfly structure of the trellis using the Viterbi algorithm 
and depending on the selected operating mode. The linked 
variables are selected depending on the selected operating 
mode, and the selected linked variables are stored as a state 
metric of a respective final state of the trellis. The method 
jti) is carried out iteratively until the Viterbi algorithm has 
been completed. 

The invention for the first time makes it possible to use a 
Viterbi algorithm for different fields of operation, for 
l?| example for channel decoding of physical signals or for 
equalization of physical signals. 

Preferred developments of the invention can be found in the 
dependent claims . 

20 

The developments of the invention relate not only to the 
method but also to the apparatus for executing the Viterbi 
algorithm. 

25 At least one of the initial state registers in the apparatus 
may also have a buffer register. 
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In this way, according to one preferred refinement of the 
invention, it is possible to store the respective state metric 
(which is stored in the initial state register) of the initial 
state of the trellis in a respective buffer register as soon 
5 as a final state has been read from the final state register. 
In this situation, a new state metric of an initial state of a 
trellis is preferably stored in a respective initial state 
register as soon as the respective initial state of the 
trellis has been stored in the buffer register. 

Furthermore, according to a further refinement of the 
invention, at least one transition register is provided for 
storing a transition metric when the apparatus is switched to 
the first operating mode, and/or for storing a change 
i;p transition metric when the apparatus is switched to the second 
operating mode. 

This refinement results in further optimization of the speed 
with which the Viterbi algorithm can be executed since there 
2 0 is no longer any need to store a complete transition metric in 
a transition register in the course of the second operating 
mode, and the transition register is used in the course of the 
other operating mode for storing the transition metric for 
decoding the physical signals using the Viterbi algorithm. 

25 



Thus, only one register is provided for storing different 
types of transition metrics, depending on the respectively 
selected operating mode, which leads to a reduction in the 
chip surface area required to produce the apparatus as an 
5 integrated circuit in a chip. 

Furthermore, the development results in a saving in the number 
of memory steps required and steps for storing data in 
different places, which leads to further optimization of the 
fi.0 Viterbi algorithm. 

A further refinement of the invention provides for at least 
two transition registers to be provided for storing two 
different transition metrics when the apparatus is switched to 
=3-5 the second operating mode. In particular, three transition 
registers are preferably provided for storing different 
transition metrics for the second operating mode of the 
apparatus, with the respective transition metrics of the 
butterfly structure of the previous state being stored in two 
2 0 transition registers, and a change transition metric from the 
previous state to the state to be calculated at that time 
being stored in the third transition register. 

In a further preferred refinement of the invention, at least 
25 some of the provided registers in the apparatus are coupled to 
a processor by means of a signal bus. 
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Particularly when using a digital signal processor, this 
development results in its processor being relieved of the 
load for trellis calculation for the Viterbi algorithm, thus 
5 making it possible for the digital signal processor to take on 
other tasks. 

The processor preferably controls the storage and reading of 
the individual initial state registers and of the final state 

10 registers. It also preferably calculates the required 

transition metrics and the change transition metrics, as well 
as controlling the so-called back- tracing for determining the 
optimum data reception sequence, from the stochastic point of 
view, which should be determined from the received physical 

15 signals. 

Furthermore, a memory, for example a random access memory 
(RAM) , which is coupled to the registers via the signal bus 
can be provided in the apparatus . The required metrics and the 
20 initial states and final states of the respective trellis are 
preferably stored in the memory in accordance with the Viterbi 
algorithm. 

In one preferred embodiment of the invention, at least one 
25 adder and/or at least one subtracter, and preferably three 
adders and three subtracters, are provided in the 
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adder/subtracter network and are coupled to one another in the 
following manner: 

• a first input of a first adder being coupled to the output 
of a first transition register, 

5 • a second input of the first adder being coupled to the 
output of a second transition register, 

• a first input of a first subtracter being coupled to the 
output of the second transition register, 

• a second input of the first subtracter being coupled to the 
||fo output of a third transition register, 

• a first input of a second adder being coupled to the output 
of the first buffer register, 

• a second input of the second adder being coupled to the 
output of the first adder, 

tp • a first input of a second subtracter being coupled to the 
output of the first buffer register, 

• a second input of the second subtracter being coupled to 
the output of the first adder, 

• a first input of a third adder being coupled to the output 
20 of the first subtracter, 

• a second input of the third adder being coupled to the 
output of a second buffer register, 

• a first input of a third subtracter being coupled to the 
output of the first subtracter, and 
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• a second input of the third subtracter being coupled to the 
output of the second buffer register. 

The evaluation units may have a trace -back register and/or 
comparison units and/or maximum selection elements. 

A control input of a trace-back register can be coupled to a 
control input of a first final state register in such a manner 
that the trace-back register can store new values when a value 
is read from the first final state register. A first data 
input of the trace-back register can be coupled to the output 
of a first comparator, and a second data input of the trace- 
back register can be coupled to the output of a second 
comparator . 

Furthermore, a first input of a first comparator can be 
coupled to the output of the second adder, and a second input 
of the first comparator can be coupled to the output of the 
third subtracter. A first input of a second comparator can be 
coupled to the output of the second subtracter, and a second 
input of the second comparator can be coupled to the output of 
the third adder. 

A further refinement of the invention provides that: 

• a control input of first maximum selection element is 
coupled to the control output of the first final state 
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register in such a manner that, when a value is read from 
the first final state register, the maximum selection 
element can select a new value, 

• a first input of the first maximum selection element is 
coupled to the output of the second adder, 

• a second input of the first maximum selection element is 
coupled to the output of the second subtracter, 

• a control input of a second maximum selection element is 
coupled to a control output of the second final state 
register in such a manner that, when a value is read from 
the second final state register, the maximum selection 
element can select a new value, 

• a first input of the second maximum selection element is 
coupled to the output of the third subtracter, and 

• a second input of the second maximum selection element is 
coupled to the output of the third adder. 

The selection unit preferably has maximum selection units and 
at least one multiplexer. 

A further refinement of the invention provides that: 

• the input of the selection register is coupled to the DSP 
bus , 

• the output of the selection register is coupled to a 
control input of a first multiplexer, 



• a first data input of the first multiplexer is coupled to a 
first data output of the trace -back register, 

• a second data input of the first multiplexer is coupled to 
the output of the first maximum selection element, 

5 • a control input of a second multiplexer is coupled to a 
second data output of the trace-back register, 

• a first data input of the second multiplexer is coupled to 
the output of the second adder, 

• a second data input of the second multiplexer is coupled to 
io the output of the third subtracter, 

• a control input of a third multiplexer is coupled to a 
third data output of the trace-back register, 

• a first data input of the third multiplexer is coupled to 
the output of the second subtracter, and 

15 • a second data input of the third multiplexer is coupled to 
the output of the third adder. 

The first operating mode is preferably a mode in which the 
decoding of received, noisy physical signals is carried out 
2 0 using the Viterbi algorithm. The second operating mode may be 
a mode in which received, noisy physical signals are equalized 
using the Viterbi algorithm. 

The structure described above provides a highly optimized 
25 apparatus for executing a Viterbi algorithm, for example for 
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decoding or for equalizing received, noisy physical signals, 
which requires very few computation steps and memory steps for 
the high level of complexity of the Viterbi algorithm. 

5 An exemplary embodiment of the invention will be explained in 
more detail in the following text and is illustrated in the 
figures, in which: 

Figure 1 shows an exemplary embodiment of an electrical 
10 circuit according to the invention; 

Figure 2 shows a block diagram, illustrating the sending, 

transmission and reception of an electrical signal; 

15 Figures 3a and 3b show a sketch illustrating a binary trellis 
according to a butterfly structure for equalization 
(Figure 3a) and for decoding (Figure 3b) of an 
electrical signal; 

2 0 Figure 4 shows a block diagram of an exemplary embodiment of 
a digital signal processor according to the 
invention. 

Figure 2 shows, symbolically, a source 201, from which a 
25 message 202 is intended to be transmitted from a transmitter 
200 to a sink 221 in a receiver 211. 
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The message 202 to be transmitted is applied to a source coder 
203, where it is compressed in such a manner that, although no 
information is lost, redundant information which is 
5 superfluous to the decoding of the message 202 is eliminated, 
and the required transmission capacity is thus reduced. 

The output from the source coder 202 is a code word 204 

3,0 u e {± l}^, (1) 

which comprises a sequence of digital values. In this case, it 
is assumed for each code word 204 u that each value Ui, i = 1, 
. . . , k, of the code word 2 04 u has the same probability of 
15 assuming a first binary value (logic "0") and a second binary 
value (logic "1"). 

The code word 2 04 u is supplied to a unit for channel coding 
2 05, in which channel coding of the code word 2 04 u is carried 
2 0 out. During the channel coding process, redundant information 
is deliberately added to the code word 204 u in order to make 
it possible to correct, or at least to identify, transmission 
errors which may occur during transmission, thus achieving 
high transmission reliability. 

25 
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In the following text, it is assumed that the channel coding 
process results in each code word 204 



u e {± l}"^ 



5 



being associated with a channel code word 206 



c e {± l}"", n > k, n € N 



(2) 



1.0 The output from the unit for channel coding 2 05 thus consists 
of the channel code word c 206, 

The channel code word c 2 06 is supplied to a unit for 
modulation 207 of the channel code word c 206. 
i-S During the modulation process, the channel code word c 2 06 is 
allocated a function 



20 which is suitable for transmission via a physical channel 208. 

The modulated signal 209 to be transmitted thus contains both 
signal information, that is to say the channel code word 
c 206, and redundant information determined from the signal 



s 



(3) 
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information, that is to say, in addition, the so-called check 
values, which are also referred to as tail bits. 



The modulated signal s 209 is transmitted via the physical 
5 channel 208 to a receiver 211. During transmission via the 

physical channel 208, interference 210 frequently occurs, and 
this corrupts the modulated signal 209 s. 

A modified modulated signal 212 

10 

s : 91 ^ 91 (4) 



thus arrives at the receiver 211, and is supplied to a unit 
for demodulation 213 in the receiver 211. 

The modified modulated signal s 212 is demodulated in the 
unit for demodulation 213. The output from the unit for 
demodulation 213 is a vector which is referred to in the 
following text as an electrical signal 214, 

Y e 9?", (5) 



and which describes the digital, demodulated, modified signal. 
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The electrical signal y 214 is supplied to a unit for 
equalization of the electrical signal y: 214, where it is 
subjected to a Viterbi algorithm, which is described in the 
following text, for equalization of the electrical signal y 
5 214. Vector components yi of the electrical signal y 214 
contain both mathematical sign information and magnitude 
information. 

The magnitude information is in each case the absolute 
=||0 magnitude of the vector component yi, which is also referred 
to as reliability information for the corresponding 
mathematical sign of the vector component y^ . In the course of 
equalization of the electrical signal y 214 the task which is 
referred to as soft decision equalization of the electrical 
il|5 signal is carried out. 

The equalized electrical signal 216 formed by the unit for 
equalization 215 of the electrical signal 214 is supplied to a 
unit for channel decoding 217. 

20 

The task which is referred to as soft decision decoding has to 
be carried out during the channel decoding process. This means 
that a reconstructed code word is reconstructed and, 
furthermore, reliability information is determined for each 
25 component, describing the decision made relating to 

reconstruction of a component of the reconstructed code word. 

-16- 



A component of the reconstructed code word 218 is referred to 
as a digital signal value, in the following text. 

The channel decoding is likewise carried out by means of the 
5 Viterbi algorithm, but using different transition metrics than 
in the Viterbi algorithm for equalization of the electrical 
signal . 

The reconstructed code word 218, that is to say at least one 
10 digital signal value, is supplied to a unit for source 
decoding 219, in which source decoding is carried out. 
Finally, the decoded signal 220 is supplied to the sink 221. 

To simplify understanding of the invention, the rough 
15 structure of the Viterbi algorithm will be explained in the 
following text (see Figure 3a and Figure 3b) . Details of the 
Viterbi algorithm are described in [3] . 

For the purposes of this exemplary embodiment, a binary- 
2 0 modulated signal is assumed, that is to say a trellis is 

offered for execution of the Viterbi algorithm, which can be 
implemented by means of a butterfly structure 300, as is 
illustrated in Figure 3a and Figure 3b. 

25 According to the trellis for initial states 
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(6) 



Sn-i,i+i, (7) 

5 are determined, where 

• /J. denotes a time unit, 

• i = 1, . . . , N denotes an index for the initial states of 
the trellis, 

• j = 1, . . . , N denotes an index for the final states of the 
10 trellis, and 

• N denotes the total number of states in the trellis, that 
is to say the total number of received electrical signals. 

The initial states, to each of which a state metric is 
IS allocated, are changed by means of multiplication by a 
transition metric to a final state 

sn,j, (8) 
s , N . (9) 

20 

The state transitions are denoted by arrows 3 01, 3 02, 3 03, 
304, (see Figure 3a), 305, 306, 307, 308 (see Figure 3b) in 
Figure 3a and Figure 3b. 
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If the Viterbi algorithm is used for equalization of the 
electrical signal, then, in detail, this gives the following 
result, as shown in [2] , for the transition metric : 



5 Im = Re< 



1=1 



as the estimated transition symbol. 



(11) 



^|Ll-l 



(12) 



15 as the state symbol and 



as the time unit. 



The autocorrelation function pi 



L-1 

PI = Z^i^i+l 
i=0 



relates to the impulse response ho, - . . , hi. 
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L 
1=0 



(14) 



is the output signal for the so-called matched filter relating 
5 to h (t ) , where 



is equal to the received signal. 
The term 



L 

1=1 

15 in the transition metric is, as described in the following 
text, calculated in advance and is stored as a reference 
metric in the memory, preferably an RAM (Random Access 
Memory) . 

2 0 The following special feature of a binary symbol alphabet can 
be utilized, in that 

di+2 - di = di^3 - di+i (17) 
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for 



e {+1, -1} . (18) 

5 

There is thus no need to calculate a complete branch metric in 
accordance with the rule (10) once again for each butterfly, 
and it is sufficient to add the corresponding difference of 
the reference metrics to the transition metric, once it has 
!tO been calculated. The differences in the reference metric are 
calculated in advance, and are stored in a memory. 

In detail, the following transition metric is obtained for the 
individual initial states relating to the corresponding final 
i5 states of a butterfly in one iteration, that is to say for one 
time step. 

A first initial state s^.i,i is changed by adding 
20 (-l)-(y - di) (19) 
to a first final state s^,j. 

The first initial state s^-i,i is changed by adding 

25 
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( + l)-(y - di) (20) 



to a second final state s ^ • 



5 Furthermore, a second initial state Sp.-i^±+2. is changed by 
adding 

(-l)-(y - di,i) (21) 
to the first final state s^,j. 

The second initial state s^-i,i+i is furthermore changed by 
adding 

15 ( + l)-{y - di^i) (22) 



to the second final state s 



The overall Viterbi algorithm is executed in such a manner 
2 0 that the trellis is executed in a known manner for all the 
considered initial states and final states and for all the 
time steps, that is to say for the entire length of the 
electrical signal. 



-22- 



The decoding is carried out in a similar manner, but with 
different transition metrics, so that, in the operating mode 
for decoding, the first initial state s^-i,i is changed by- 
subtraction of the transition metric d to the first final 
state s^,j. 

Furthermore, the first initial state s^.i,i is changed by- 
addition of the transition metric d to the second final state 




The second initial state s^-i,i+i is changed by subtraction of 
the transition metric to the first final state S;j,j. 

The second initial state s^-i,i+i is changed by adding the 
transition metric to the second final state s . 

For each iteration, once the final state has been determined, 
that is to say the state metric of the respective final state 
for the two respectively determined values, the maximum value 
is determined and selected. 

The corresponding selection decision is normally stored in 
binary form. 
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Once a "forward run" has been carried out through the trellis 
using the stored selection decisions, the statistically 
optimum symbol sequence is determined by means of so-called 
back tracing. 

5 

As is shown in Figure 4, the receiver 211 has a digital signal 
processor 400 for equalization and for channel decoding of the 
electrical signal 215. 

1.0 The electrical signal 215 is supplied to an input 401 of the 
digital signal processor 400. The input 401 is coupled to a 
signal bus 4 02 (DSP bus) of the digital signal processor 4 00. 

Furthermore, together with the signal bus 402, a processor 
Kl5 403, a memory 404 and an apparatus, which will be described in 
the following text, for execution of the Viterbi algorithm 4 05 
(implemented as an electrical circuit) are provided. 

In the course of executing the Viterbi algorithm, the required 
2 0 state metrics are supplied from the processor 4 03 to the 

appropriate initial state registers, which will be described 
in the following text, and to the apparatus for the Viterbi 
algorithm 405 and/or are read from the final state registers, 
that is to say the individual iterations for the corresponding 
25 butterflies are controlled by the processor 403, during the 
course of executing the Viterbi algorithm. 
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The transition metrics and a change transition metric which 
will be described in the following text are determined by the 
processor 403, and are likewise stored in the memory 404, 
5 which is in the form of RAM. 

The registers described in the following text are each 
connected by an input or output to the signal bus 402, so that 
the processor 4 03 can access the corresponding required 
CP registers depending on the Viterbi algorithm to be executed. 

The output signal from the digital signal processor 4 00, which 
is produced at its output 4 06, is either the equalized 
electrical signal or the channel -decoded electrical signal, 
il that is to say the reconstructed code word 218, depending on 
the selected operating mode, that is to say depending on 
whether the Viterbi algorithm is intended to be used for 
channel decoding or for equalization. 

20 The two different operating modes and their selection will be 
explained in more detail, with reference to Figure 1, based on 
the exemplary embodiment of the invention for the Viterbi 
algorithm . 
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The apparatus for executing the Viterbi algorithm, in 
particular for implementation of a butterfly structure by 
means of an electrical circuit, has the following components: 

5 A first initial state register 101, whose input 102 is coupled 
to the signal bus 402. 

A second initial state register 103, whose input 104 is 
coupled to the signal bus 402. 

10 

A first buffer register 105, whose input 106 is coupled both 
to the output 107 of the first initial state register 101 and 
to the signal bus 402. 

1:5 A second buffer register 108, whose input 109 is coupled both 
to the output 110 of the second initial state register 104 and 
to the signal bus 402. 

A first transition register 111, whose input 112 is coupled to 
20 the signal bus 402. 

A second transition register 113, whose input 114 is coupled 
to the signal bus 402. 

25 A third transition register 115, whose input 116 is coupled to 
the signal bus 402. 
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An adder/ subtracter network 117 has the following components: 

• a first adder 118, whose first input 119 is coupled to 
the output 120 of the first transition register 111 and 

5 whose second input 121 is coupled to the output 122 of 

the second transition register 113; the first adder 118 
forms the sum of the value K in the first transition 
register 111 and of the value L in the second transition 
register 113; 

LO 

• a first subtracter 123, whose first input 124 is coupled 
to the output 122 of the second transition register 113, 
and whose second input 125 is coupled to the output 126 
of the third transition register 115; the first 

15 subtracter 123 forms the difference between the value M 

in the third transition register 115 and the value L in 
the second transition register 113; 



• a second adder 127, whose first input 128 is coupled to 
2 0 the output 129 of the first buffer register 105, and 

whose second input 13 0 is coupled to the output 131 of 
the first adder 118; the second adder 127 forms the sum 
of the value A in the first buffer register 105 and of 
the sum C formed by the first adder 118; 
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• a second subtracter 13 2, whose first input 133 is coupled 
to the output 129 of the first buffer register 105, and 
whose second input 134 is coupled to the output 131 of 
the first adder 118; the second subtracter 13 2 forms the 

5 difference between the value A in the first buffer 

register 105 and the sum C formed by the first adder 118; 

• a third subtracter 135, whose first input 13 6 is coupled 
to the output 137 of the first subtracter 123, and whose 

i;o second input 13 8 is coupled to the output 13 9 of the 

second buffer register 108; the third subtracter 135 

;:- forms the difference between the value B in the second 

buffer register 10 5 and the difference D formed by the 
first subtracter 123; 

1;B 

" • a third adder 140, whose first input 141 is coupled to 
the output 137 of the first subtracter 123, and whose 
second input 142 is coupled to the output 13 9 of the 
second buffer register 108; the third adder 140 forms the 
20 sum of the difference D formed by the first subtracter 

123 and the value B in the second buffer register 108. 

In addition, a first comparison unit (comparator) 143 is 
provided, whose first input 144 is coupled to the output 145 
25 of the second adder 127, and whose second input 14 6 is coupled 
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to the output 147 of the third subtracter 135. The first 
comparison unit 143 determines whether the sum a formed by the 
second adder 127 is less than the difference c formed by the 
second subtracter 135. If this is the case, then the first 
5 comparison unit 14 3 produces a first comparison signal at a 
first binary value (logic "1"), otherwise at a second binary 
value (logic "0") . 

Furthermore, a second comparison unit 148 is provided, whose 
iO first input 149 is coupled to the output 150 of the second 

subtracter 132, and whose second input 151 is coupled to the 
output 152 of the third adder 14 0. The second comparison unit 
14 8 determines whether the difference b formed by the second 
subtracter 132 is less than the sum d formed by the third 
lr5 adder 140. If this is the case, then the second comparison 
unit 14 8 produces a second comparison signal with a first 
binary value (logic "1"), otherwise with a second binary value 
(logic "0" ) . 

20 Furthermore, a first maximum selection unit 153 is provided, 

whose first data input 154 is coupled to the output 14 5 of the 
second adder 127, and whose second data input 155 is coupled 
to the output 150 of the second subtracter 132. When activated 
via its control input, the first maximum selection unit 153 

25 selects the large value of the sum a formed by the second 
adder 12 7 and of the difference b formed by the second 



subtracter 132, and outputs this larger value as the first 
maximum output signal g. 



A first data input 157 of a second maximum selection unit 156 
5 is coupled to the output 147 of the third subtracter 135, and 
a second data input 158 of the second maximum selection unit 
156 is coupled to the output 152 of the third adder 140. When 
activated via its control input, the second maximum selection 
unit 156 selects the larger value of the difference c formed 
10 by the third subtracter 13 5 and of the sum d formed by the 

third adder 14 0, and outputs this larger value as the second 
maximum output signal h. 

: Furthermore, a trace-back register 159 is provided, having a 
15 first data input 160, a second data input 151, a control input 
162 and a data output 163. 

In addition, a selection register 164 is provided, whose input 
165 is coupled to the signal bus 402. The output 166 of the 
2 0 selection register 154 is coupled to a control input 167 of a 
first multiplexer 168. 

A first input 169 of the first multiplexer 168 is coupled to 
the data output 163 of the trace-back register 159, and a 
25 second input 170 of the first multiplexer 168 is coupled to 
the output 171 of the first maximum selection unit 153 . 
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Depending on the content of the selection register 164, the 
first multiplexer 168 selects either the contents of the 
trace-back register 159 (if the "decode" operating mode has 
5 been selected by means of the selection register 164) or the 
first maximum output signal g (if the "equalize" operating 
mode has been selected by means of the selection register 
164) . 



■Jp Furthermore, a second multiplexer 172 is provided, whose 

control input 173 is coupled to the first data input 160 of 
the trace-back register 159, while its first data input 174 is 
coupled to the output 145 of the second adder 127 and its 
second data input 175 is coupled to the output 14 7 of the 

li third subtracter 13 5. 



The control input 173 of the second multiplexer 172 is, 
furthermore, coupled to the output 176 of the first comparison 
unit 143 . 

20 

Thus, according to this exemplary embodiment, the first 
comparison signal, which is stored in the trace-back register 
159, is used as a control signal for the second multiplexer 
172 in such a manner that, in the situation where the sum a 
25 formed by the second adder 12 7 is less than the difference c 

formed by the second subtracter 13 5, the difference c which is 
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applied to the second input 175 of the second multiplexer 172 
is selected. If the sum a which is formed by the second adder 
X27 and is applied to the first input 174 of the second 
multiplexer 17 2 is greater than the difference c formed by the 
5 second subtracter 135, then the sum a is selected as the first 
final state signal e. 

In addition, a third multiplexer 177 is provided, whose 
control input 178 is coupled to the output 179 of the second 
10 corapa.rison unit 148. 

The output 179 of the second comparison unit 14 8 is, 
furthermore, coupled to the second data input 161 of the 
trace-back register 159. 

IS 

A first input 180 of the third multiplexer 177 is coupled to 
the output 150 of the second subtracter 13 2, and a second 
input 181 of the third multiplexer 177 is coupled to the 
output 152 of the third adder 140. 

20 

Thus, according to this exemplary embodiment, the second 
comparison signal, which is stored in the trace -back register 
159, is used as a control signal for the third multiplexer 
177, in such a manner that, in the situation where the 
25 difference b formed by the second subtracter 132 is less than 
the sum d formed by the third adder 140, the sum d which is 
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applied to the second input 181 of the third multiplexer 177 
is selected. If the difference b which is formed by the second 
subtracter 13 2 and is applied to the first input 18 0 of the 
third multiplexer 177 is greater than the sum d formed by the 
5 third adder 140, then the difference b is selected as the 
second final state signal f . 

Furthermore, a first output state register 182 is provided, 
whose input 183 is coupled to the output 184 of the second 
multiplexer 172. The output 185 of the first output state 
register 183 is coupled to the signal bus 402. The first final 

tii state signal e is stored in the first output state register 

= 182. 

15 In addition, a second output state register 18 6 is provided, 
whose input 18 7 is coupled to the output 18 8 of the third 
multiplexer 177, and whose output 189 is coupled to the signal 
bus 4 02. The second final state signal f is stored in the 
second output state register 186. 

20 

A third output state register 190 is coupled via its input 191 
to the output 192 of the second maximum selection unit 156, 
and its output 193 is coupled to the signal bus 402. The 
second maximum output signal h is stored in the third output 
25 state register 190. In addition, a controlling output 194 of 
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the third output state register 190 is coupled to a control 
input 195 of the second maximum selection unit 156. 

The input 197 of a fourth output state register 196 is coupled 
5 to the output 198 of the first multiplexer 170. 

The output 199 of the fourth output state register 196 is 
coupled to the signal bus 402. A control output 1100 of the 
fourth output state register 196 is coupled to the control 
10 input of the trace-back register 162 and to a control input 
1101 of the first maximum selection unit 153 . 

The execution of the Viterbi algorithm for equalization of an 
electrical signal will be explained in more detail in the 
IS following text. 

In a first step, the electrical circuit 405 is initialized, 
and the first so-called butterfly is executed for the trellis 
in accordance with the Viterbi algorithm. 

20 

First of all in this context, the state metric of the first 
initial state s^.i,i for the first time unit /x-1 is loaded into 
the first initial state register 101. 
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The state metric of the second initial state s^-i,i+i for the 
first time unit is loaded into the second initial state 

register 103 . 

In a further step, the third initial state register 192 and 
the fourth output state register 198 are initialized with the 
largest negative number which can be loaded by the respective 
register (maximum search for the best zero path and for the 
best so-called one's path, as described in [2]). 

Furthermore, the second transition register 113 is initialized 
with the value 0 . 

The value do - y is loaded into the first transition register 
111, and the value y - di is loaded into the third transition 
register 115. 

In a further step, the value in the second output state 
register 185 is read, by which means the values from the first 
initial state register 101 and from the second initial state 
register 103 are transferred to the corresponding buffer 
registers, that is to say to the first buffer register 105 and 
to the second buffer register 108. 

Furthermore, the values which are present in the first output 
state register 182, in the fourth output state register 196 



and in the third output state register 19 0 are read via the 
signal bus 4 02. 

The loading of the buffer registers results in the electrical 
5 circuit 405 starting to calculate the two subsequent states of 
the butterfly structure 300, that is to say starts to 
calculate the first subsequent state and the second subsequent 
state, and to calculate the current zero paths and one's 
paths. During this period, the input state registers 101, 103 
10 are loaded with the new values for the next butterfly, that is 
to say they are preloaded. 

After initialization and the first butterfly, the sequence for 
the subsequent butterflies, which are executed iteratively, 
15 within a time period ju is identical, and is executed for all 
the states to be considered within the trellis, in accordance 
with the Viterbi algorithm: 

The state metric of the respective initial state Si^-i^i is 
2 0 loaded into the first initial state register 101. The state 
metric of the second initial state 3^^-1,1+1 is loaded into the 
second initial state register 103 . 

A value is then loaded into the second transition register 
25 113, with this value being obtained in accordance with the 
following rule: 
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- di = di+3 - di+i. 



(17) 



If it is certain that the values determined by the 
5 adder/subtracter network 117 and the corresponding 

multiplexers, comparison units and/or the trace-back register 
and the maximum selection units are stable, then the results 
(which are stored by the computation steps in the final state 
register) for the subsequent states, that is to say for the 
ib final states s^,j and s ^ , are read from the first final 

state register 182 and from the second final state register 
18 6 via the signal bus 4 02, with the calculation of the values 
for the next butterfly being started at the same time that the 
second final state register 186 is read, as has been described 
above . 

It should be noted that the trace-back register 15 9 is not 
required in the course of the equalization process, that is to 
say only elements of the first maximum selection unit 153 can 
2 0 be stored via the first multiplexer 150 in the fourth final 
state register 198. 

Once the final butterfly has been determined for the trellis 
for the respective time period, then the best zero path or 
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one's path are then read from the third final state register 
190 and the fourth final state register 190. 

During channel decoding a channel -coded code word using a 
5 binary symbol alphabet, the butterfly 310 illustrated in 

Figure 3b is applicable, with the branch metric d in each case 
representing the sum of reliability values, supplied from the 
equalizer, the number of which results from the convolution 
code rate . 

ip 

As has been described above, the reliability values are 
assigned a mathematical sign, before being added up, with the 
sign being obtained from the trellis state and the polynomial 
of the convolution code. 

IS 

It should be noted that the electrical circuit 4 05 provides a 
maximum likelihood sequence estimation (MLSE) , that is to say 
the complete reception sequence of the electrical signals is 
first of all processed in the trellis diagram, with the 
20 respective selected final states being stored in the trace- 
back register, and the output of the estimated statistically 
optimum signal sequence then being determined by means of so- 
called back- tracing. 

25 The electrical circuit 4 05 calculates the final states in 
accordance with the butterfly shown in Figure 3b, and also 

-38- 



stores the corresponding selection decisions in the respective 
time period pt for back- tracing . 



In the course of channel decoding, the electrical circuit 4 05 
5 is initialized in the following way, and a first butterfly is 
executed in the following way: 

The second transition register 113 is preloaded with the value 
0 . 

.10 

In a further step, the state metric of the first initial state 
is loaded into the first initial state register 101. 
Furthermore, the second initial state, that is to say the 
State metric of the second initial state, is loaded into the 
-15 second initial state register 103. 

In addition, the transition metric is loaded in the first 
transition register 111. 

20 The second final state register 188 is read, and results in 
initiation of the loading of those values which have been 
loaded in the first initial state register 101 and in the 
second initial state register 103 into the corresponding 
buffer registers, that is to say into the first buffer 

25 register 105 and into the second buffer register 108. This 
starts the calculations of the butterflies. 
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While the electrical circuit 4 05 is calculating the final 
states, the state metrics for the next butterfly can be 
written to the first initial state register 101 and to the 
5 second initial state register 103 . 

The following procedure is accordingly adopted for further 
iterations of the subsequent butterflies: 

r|o The state metric of the respective first initial state s^-i,i is 
loaded into the first initial state register 101. Furthermore, 

HI the state metric of the second initial state s^-i,i+i is loaded 
into the second initial state register 103 . 

15 If it is certain that the data stored in the registers are 
stable, then the final states are read from the final state 
registers, that is to say in particular from the first final 
state register 182 and from the second final state register 
185, as a result of which, as has been described above, the 

20 calculation of the next iteration for the next butterfly is 
started immediately. 

For each final state, the selection decision is written to the 
fourth final state register 195 in the form of a bit. Thus, 
25 the trace-back register, which has a length of 3 bits, must be 

-40- 



read at the latest after eight butterflies, assuming the 
fourth final state register 198 has a length of 8 bits. 

The fourth final state register 196 is likewise updated when 
5 the second final state register 198 is read. 
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